Background Operation rates for common surgical procedures are known to vary widely both between areas within the same country and between countries. However, no studies in the United Kingdom have yet examined the variation in the use of important groups of surgical procedures among primary care groups.
Introduction
Operation rates for common surgical procedures are known to vary widely both between areas within the same country and between countries. [1] [2] [3] However, no studies in the United Kingdom (UK) have yet examined the variation in the use of surgical procedures among primary care groups. This is mainly because primary care groups are relatively new and came into existence only in April 1999, but also because of the lack of routinely available information on primary care groups, including information on the use of hospital care. 4 Responsibility for the planning and commissioning of health services is rapidly being transferred from health authorities to Variation in coronary artery bypass grafting, angioplasty, cataract surgery, and hip replacement rates among primary care groups in London: association with population and practice characteristics primary care groups and trusts. 5 The government is also proposing to introduce performance measures and targets for primary care groups in areas such as improving the health of their population and access to both primary and secondary health care services. 6 For example, the NHS plan published in July 2000 set very ambitious targets for access to elective surgical procedures. 7 Primary care groups and trusts will be largely responsible for ensuring that these targets are met. Primary care groups will also be responsible for another task arising from the NHS plan, that of monitoring the hospital referral rates of their general practices. Hence, producing good information on the characteristics of primary care group populations and their use of hospital services is essential if primary care groups are to carry out their functions effectively. 8, 9 The study had two main objectives. The first was to calculate directly age-and sex-standardized operation rates for three important groups of surgical procedures for the 66 primary care groups in London. These were coronary artery bypass grafting and angioplasty, cataract surgery, and hip replacement in patients aged over 65 years. We chose these procedures because they have all been shown to be effective in improving patients' health status. Furthermore, all these procedures are included in the NHS Executive's high-level performance indicators for health authorities and primary care groups. The second was to determine the association between population and practice characteristics and operation rates for the procedures examined. In particular, we wished to determine how much the population characteristics of primary care groups influenced operation rates for the procedures examined, after adjustment for age and sex.
Methods
Data were obtained from the NHS Executive and the Department of Health on each of the 66 primary care groups in London that existed on 1 April 1999 (two primary care groups subsequently merged, reducing the number to 65). The data were used to generate a number of population and practice variables describing the characteristics of the primary care groups. These variables included population estimates, mortality rates, socioeconomic measures derived from the Census and from benefits data, practice characteristics, and hospital admission rates. Further details of the datasets used and the variables created from them have been published elsewhere. 10, 11 For the purposes of this study, we also obtained information at ward level by age and sex on the number of patients admitted for coronary artery bypass grafting (CABG) and angioplasty (PTCA), cataract surgery, and hip replacement in patients aged 65 years and over during the period 1997-1998. The data came from the Department of Health's Hospital Episodes Statistics Database, which records details of all admissions to NHS hospitals in England. 12, 13 The data on hospital admissions were used with population estimates to estimate directly age-and sex-standardized annual operation rates for each primary care group.
Statistical methods
The univariate associations between admission rates and possible explanatory factors were assessed using Pearson's correlation coefficient. Forward stepwise multiple linear regression was then used to examine what percentage of the variation in admission rates for the surgical procedures examined could be explained by population and practice characteristics. Many of the independent variables were highly correlated with each other and, to prevent 'overfitting' of the models, only variables significant in the univariate analysis were included in the multifactorial analysis. All statistical analyses were carried out using Stata.
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Results
Operation rates for the three groups of procedures examined in this study varied widely among the 66 primary care groups. The directly standardized combined CABG and PTCA rate varied over six-fold, from 28 to 193 per 100 000 (mean 80); cataract surgery rates over three-fold, from 167 to 618 per 100 000 (mean 291); and hip replacement in people aged 65 years and over, more than four-fold, from 74 to 363 per 100 000 (mean 202) ( Table 1) . Coronary artery and angioplasty rates were significantly correlated with cataract surgery rates (r ϭ 0.46, p Ͻ 0.001) but not with hip replacement rates (r ϭ 0.02, p ϭ 0.99). There was no association between cataract surgery and hip replacement rates (r ϭ Ϫ0.17, p ϭ 0.18).
Association with population characteristics
The primary care groups varied widely in their population characteristics (Tables 2 and 3) . With a few exceptions, most of the Census-derived variables were not strongly correlated with operation rates (Table 2 ). In general, there was a trend towards lower CABG and PTCA rates, and lower cataract surgery rates in primary care groups with poorer socio-economic status. These two operation rates were also positively correlated with the percentage of patients from ethnic minority groups. There were no significant associations with the two composite measures of need used by the NHS Executive to help allocate resources for primary and secondary care to health authorities (the GMS cash limited and acute needs indices, respectively). There were also no significant associations between the benefits variables and operation rates (Table 3) .
Association with practice characteristics
The primary care groups varied widely in their practice characteristics. As with the population variables, there were no strong associations between the practice characteristics of the primary care groups and operation rates ( Table 4 ). In particular, there was no trend towards higher rates in primary care groups with general practices factors that may be associated with a higher quality of primary care services, such as a higher proportion of general practitioners (GPs) who were approved trainers or course organizers, or who offered chronic disease management programmes.
Multifactorial analysis
Forward stepwise multifactorial models (see Appendix) in which only variables that were significant in the univariate analysis were entered explained 57 per cent of the variation in coronary artery bypass and angioplasty rates, 34 per cent of the variation in cataract surgery rates, and 27 per cent of the variation in hip replacement rates. Increasing deprivation, as measured by housing lacking amenities, was associated with lower coronary artery bypass and angioplasty rates. The percentage of the population from ethnic minorities was the only independent variable associated with cataract operation rates. Two practice variables, GPs approved for child health surveillance and for postgraduate training, were negatively associated with hip replacement rates. There was no association between deprivation and either cataract surgery or hip replacement rates in the multivariate models.
Discussion
We found a very wide variation in the operation rates for the three groups of procedures examined in the 66 primary care groups in London. However, the correlations between operation rates and population characteristics were relatively low. This is in contrast to the findings of a previous study in which we found strong associations between population characteristics, such as measures of chronic illness and deprivation, and both total and emergency admission rates. 10 In both the current and previous study, however, practice characteristics were only weakly associated with the use of hospital services. There was a significant association between coronary artery bypass grafting and angioplasty rates and cataract surgery rates but not with operations for hip replacement. After adjusting for age and sex, multifactorial models explained just over half of the variation in coronary artery bypass and angioplasty rates, and substantially less than half the variation in cataract surgery and hip replacement rates.
Strengths and weaknesses of the study
This is the first study to examine the variation in the use of common surgical procedures among primary care groups. However, like all studies based on routine data, our study has a number of limitations. These include the lack of information on procedures carried out in the private sector, errors in hospital admissions data such as incomplete or inaccurate diagnostic coding, 12 and errors in the population characteristics because the Census from which they are derived is only carried out once every 10 years, and was last carried out in 1991. 15 The population characteristics derived from benefits data are, however, based on data from 1998 and are more up to date. We also currently have no information on waiting times, on the number of operations purchased by primary care groups, or on the priority primary care groups give to the operations examined in this study. These factors may also influence operation rates, and we will add this information to our database for use in future studies.
Comparison with other studies
Because primary care groups are relatively new organizations, there have not yet been any other studies we are aware of that have examined differences among them in operation rates for important groups of surgical procedures. There are also few similar studies that have used general practice as the unit of analysis. Previous work examining the variation in operation rates among health authorities has found similar variations but none of these studies are recent. Whereas there are strong associations between deprivation and emergency and medical admissions, this association appears to be much weaker for elective surgery. 16, 17 Our study confirms that variations in operation rates between areas identified in the 1980s have persisted and are present among primary care groups. Few studies have examined the role of differences in the clinical characteristics of patients in explaining variations in the use of specialist services but the studies that have been carried out in this area suggest that this is an important factor in explaining such variations.
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Implications for clinicians and policy makers
The study shows that population factors derived from routine data appear to have little association with the use of common surgical procedures. There were relatively low correlations between operation rates and population characteristics, and most of the variation in operation rates remains unexplained with the variables we used. Other possible explanations for the variations in operation rates include clinical characteristics of patients that cannot be measured using routine data, and local variations in the supply of hospital services. There may also be differences in general practice referral rates, the number of operations purchased by primary care groups, and in the clinical management policies of consultant surgeons. In many areas, elective operations are also cancelled frequently because beds allocated for patients undergoing elective surgical procedures are used instead to accommodate patients admitted to hospitals as acute medical emergencies. Moreover, where waiting times for elective surgery are very long, GPs may be less likely to refer patients who may benefit from elective surgery. All these factors could lead to differences in operation rates for primary care group populations. It is likely that the clinical practice patterns of GPs and hospital specialists, and the supply of specialist surgical services, will have the most impact on operation rates. 20 Identifying variations in the use of hospital services and understanding their underlying causes are important for a number of reasons. First, such variations raise questions about whether hospital services are being used appropriately and equitably by both primary care physicians and hospital specialists. Second, in its NHS plan, the UK government has set ambitious targets for minimum waiting times to treatment for such operations as hip replacement, cataract surgery, and revascularization procedures. Without understanding the reasons for variations in the use of such procedures, it is difficult to estimate population requirements for them or to develop and implement interventions aimed at improving the appropriateness with which surgical interventions are used. Hence, we need to understand better the factors that drive such variations. The NHS plan also contains a commitment to monitoring general practice referral rates. The variation in these rates will be even larger at practice level than at primary care group level. This raises questions about how this monitoring will be done and how systematic variation as a result of differences in clinical practice or in the clinical characteristics of patients will be separated from random variation for which providers would not be held accountable.
Unanswered questions and future research
Medical practice variations are an important and currently an under-studied area. Our database on the primary care groups in London will continue to be enhanced by updating its existing variables and by adding new variables over time. We will use the database to monitor the progress of primary care groups and to carry out further research examining variations in the use of hospital care by primary care groups in London. We are also developing methods of adjusting for case-mix in studies examining variations in the use of specialist services and will use these methods in our future research on medical practice variations.
